Activated and non-activated PAMAM dendrimers for gene delivery in vitro and in vivo.
Nanotechnology, though not a new concept, has gained importance in medical breakthroughs. The preparation of nanosystems like polymeric nanoparticles can be used for drug and gene delivery. In this study dendrimeric nanoparticles prepared with generations 4 and 5 (G4, G5) polyamidoamine (PAMAM) dendrimers and plasmid DNA were characterized and their ability to transfect cells in vitro and in vivo evaluated. Additionally, the efficacy of these dendrimers on activation after heat treatment has been tested to attempt an enhancement in transfection activity over that of intact dendrimers. Measurements of the particle size and zeta potential as a function of the charge ratio and the generation of the polymer reveal that no significant differences were obtained in size by using G4 or G5 polymers in nonactivated dendriplexes prepared at different charge ratios. The zeta potentials of the dendriplexes are strongly positive and differ only slightly. Atomic force microscopy images of complexes showed that they are spherical, individualized, and homogeneously distributed. These vectors were also highly effective in protecting DNA from attack by DNase I and increased the efficiency of plasmid-mediated gene transfer in vitro to liver (HepG2) and colon (CT26) cancer cells as compared with naked DNA, even in the presence of 60% fetal bovine serum. Expression is enhanced at higher charge ratios with maximal values obtained at a charge ratio of 10:1 (+/-) and by increasing the dendrimer generation. Finally, the transfection activity of G4 and G5 dendriplexes was significantly enhanced in HepG2 and CT26 cells by activation of the dendrimers. In this respect we have optimized the time of activation to obtain the optimal levels of gene expression. Also, intravenously administered activated G4 and G5 dendrimer-DNA complexes are superior to the nonactivated ones in terms of gene transfer efficiency in vivo. In conclusion, our results showed that G4 and G5 PAMAM dendrimers are an effective nanosystem for gene delivery to colon and liver cancer cells in vitro, as well as for in vivo therapeutic applications. This paper describes the synthesis and potential applications of mixed nanoparticles prepared with generations 4 and 5 (G4, G5) poly(amidoamine) (PAMAM) dendrimers and plasmid DNA. These mixed nanoparticles proved to be effective for gene delivery to colon and liver cancer cells in vitro, as well as in vivo.